PN5. 17β-estradiol (40 ng/g/day subcutaneously) was given daily between PN3-10 and intermittent monitoring was done till PN12. None of the treatments demonstrated acute or delayed effects on spasms, yet all were well tolerated. We discuss the implications for therapy discovery and challenges of replication trials.
Introduction
Infantile spasms (IS) are the typical seizures observed in West syndrome, an infantile epileptic encephalopathy with multiple etiologies (structural/metabolic, genetic, or unknown), often poor prognosis in regards to developmental and epilepsy outcomes and only few available treatments [1] [2] [3] [4] [5] [6] [7] [8] . The characteristic ictal encephalographic pattern of IS is the electrodecremental response (EDR) while hypsarrhythmia (multifocally epileptic, high amplitude disorganized and slow) is the interictal EEG signature in most, but not all, infants with West syndrome [1, 9] . The available treatments include adrenocorticotropic hormone (ACTH), high dose glucocorticoids, vigabatrin, which has a special indication for IS in tuberous sclerosis complex (TSC) patients, ketogenic diet as adjunctive therapy or B6 [1] [2] [3] [4] [5] [6] [10] [11] [12] . Other antiseizure drugs (e.g. valproic acid, zonisamide) are being used in cases when such treatments fail or cannot be administered. The efficacy of these treatments overall ranges between 39-87% depending on the study [2, 5] . According to the studies reviewed in the above references, cessation of spasms and EEG normalization or resolution of hypsarrhythmia occurs between 48-87% of patients, relapses occur in a third of treated patients, while Abstract Infantile spasms are the typical seizures of West syndrome, an infantile epileptic encephalopathy with poor outcomes. There is an increasing need to identify more effective and better tolerated treatments for infantile spasms. We have optimized the rat model of infantile spasms due to structural etiology, the multiple-hit rat model, for therapy discovery. Here, we test three compounds administered after spasms induction in the multiple hit model for efficacy and tolerability. Specifically, postnatal day 3 (PN3) male Sprague-Dawley rats were induced by right intracerebral injections of doxorubicin and lipopolysaccharide. On PN5 p-chlorophenylalanine was given intraperitoneally (i.p.). Daily monitoring of weights and developmental milestones was done and rats were intermittently video monitored. A blinded, randomized, vehicle-controlled study design was followed. The caspase 1 inhibitor VX-765 (50-200 mg/kg i.p.) and the GABA B receptor inhibitor CGP35348 (12.5-100 mg/kg i.p.) each was administered in different cohorts as single intraperitoneal injections on PN4, using a doseand time-response design with intermittent monitoring till a normal or slightly subnormal cognitive outcome, defined as intelligence quotient greater than 68 occurs in approximately 22% of patients. Enduring epilepsy ensues in twothirds of the patients. Such outcomes emphasize the clinical gaps and need in finding better therapies for IS, including those infants that are less fortunate to have structural/metabolic etiologies that provide less favorable prognosis.
Most studies suggest that IS due to structural/metabolic etiologies have graver prognosis and respond less to medical treatment, although some reports differ, while infants with IS of unknown etiologies have better prognosis [1, 5] . Early cessation of spasms has been proposed as an important factor in determining a better outcome, particularly in patients with IS due to unknown etiologies [13] [14] [15] [16] [17] [18] [19] , although studies with different conclusions exist [20] . The currently used treatments of IS, ACTH and vigabatrin, demonstrate a lag of few days to weeks before they show the first effect on IS and therefore treatments with a more rapid mode of action would offer a significant advantage, both in regards to length of stay shortening in the hospital but, most importantly, in potentially improving the outcomes.
Tolerability and side effects is another important concern with such therapies which may lead to significant side effects in certain patients, including retinal neurotoxicity and MRI changes (vigabatrin) [21] [22] [23] or side effects of hormonal therapy such as electrolyte or metabolic abnormalities, hypertension, cortical atrophy, infections [1, 24, 25] . A major concern, at least in the United States, is the significant financial cost associated with the administration of ACTH [26] . All these factors warrant the identification of alternatives that will offer better efficacy and tolerability profile for IS, including the potential to improve disease course and outcomes.
Although pediatric clinical trials to test antiseizure drugs designed by extrapolation from findings in adults are an option for focal onset seizures in children over 2 years of age [27] [28] [29] , they are more difficult to justify for infants with IS due to the very young age and the peculiar pharmacosensitivity of the seizures seen in this syndrome [30] . For example, phenytoin, carbamazepine or barbiturates have no effect on IS [31, 32] . Therefore, the need for animal models of IS and West syndrome emerged, so as to allow for the development of syndrome-specific new treatments. The Workshop on Models of Pediatric Epilepsies (Bethesda MD, May 13-14, 2004) co-sponsored by the National Institute of Health/National Institute of Neurological Diseases and Stroke (NIH/NINDS), the American Epilepsy Society (AES), and the International League Against Epilepsy (ILAE) set the pace by defining the criteria for a model of infantile spasms and West syndrome [33] , following which a growing number of models was proposed and reported [8] . In our laboratory, we have developed and optimized the multiple-hit rat model of IS, a chronic rat model induced at postnatal day 3 (PN3) by intracerebral injections of doxorubicin (DOX) and lipopolysaccharide (LPS), followed by intraperitoneal (i.p.) injection of the serotonin depleter p-chlorophenylalanine (PCPA) on PN5 (henceforth called the DLP model) [34] . The intent was to generate cytotoxic injury (via DOX) and white matter injury (via LPS), while disrupting the serotonin metabolism (PCPA), based on past studies implicating such pathologies in the pathogenesis of IS (reviewed in [7] ). The DLP model exhibits clusters of spasms between PN4-13, other seizures from PN9 and on, as well as epilepsy in adulthood, as well as learning, memory, and sociability deficits [34] [35] [36] [37] . These suggest that PCPA is not necessary for induction of spasms, yet we maintain it in our protocol to preserve the continuity and comparability of our results with the various drug studies we have conducted. Although the underlying induced lesion at the right cortical and hippocampal region and adjacent periventricular areas (see [35, 38] for description of lesion at different ages) contributes to the cognitive deficits, early treatment with rapamycin (mTOR inhibitor) partially improves learning [36] . Previous characterization of this DLP model showed that it is resistant to ACTH, partially and transiently responsive to vigabatrin, while phenytoinas expected-has no effect on IS, posing this as a model of IS due to structural lesions with drug resistant spasms. This is in agreement with the clinical experience that IS of structural etiology are more drug resistant [1] . Two of the drugs tested in our model (carisbamate and CPP-115) have already been designated orphan drugs with indication for IS by the Food and Drug Administration (FDA) in the USA (Table 1) .
To develop new treatments for IS, we chose a strategy that starts by determining the acute effects of the tested treatment on behavioral spasms, given systemically and after the onset of spasms on PN4 as in clinical practice, so as to find drugs that have rapid onset of effect on spasms, within a few hours (PN4) or a day (PN5) after treatment. Although this strategy may miss some drugs that would have shown delayed effect on spasms, successful drugs may fill a gap as they would promise to act faster, and possibly improve outcomes, on IS compared to existing treatments, as discussed above. If a drug is successful, further testing is done with video EEG studies to confirm the effects on electroclinical spasms and, if effective, repeat administration of the treatment is being done to determine persistence of effect and potential for disease modification and antiepileptogenesis. Through all these tests, a parallel battery of behavioral and tolerability tests is being done to assess safety for each drug. Table 1 presents a summary of the so far published studies using this approach.
In this manuscript, we present data on three more drugs we have tested for efficacy and tolerability in the DLP 1 3 model. The caspase 1 inhibitor VX-765 (belnacasan), which had promising antiseizure effects in preclinical studies [39] [40] [41] and had entered phase 2 clinical trials in humans for treatment-resistant focal-onset seizures, is tested here using the single injection protocol. The rationale is to test whether blockade of interleukin-1β (IL-1β) production by VX-765 may inhibit spasms in this model which is induced by the pro-inflammatory compound LPS. The second drug tested in the same manner is the GABA B receptor inhibitor CGP35348, which had induced reduction of EDR durations in the γ-butyrolactone (GBL) induced spasms in the Ts65Dn mouse model of spasms in Down syndrome [42] . The third drug, 17β-estradiol, is being tested according to the protocol proposed by Olivetti et al. [43] as antiepileptogenic and disease modifying in the ARX (aristaless-related X-linked homeobox gene) knockin mouse model (ARX (GCG)10+7
): repeated administration of 17β-estradiol between PN3-10. The latter was one of the replication trials proposed to us by the Citizens United for Research in Epilepsy (CURE) Infantile Spasms Initiative (http://www.cureepilepsy.org/news/story.asp?id=61) and was done with the collaboration of the Noebels' research group that had led the ARX (GCG)10+7 study [43] , which is the reason we used only one dose. Although none of these treatments showed efficacy in our model, we discuss the implications for therapy discovery that each poses both for therapy discovery in the DLP model but also for efforts to cross-validate treatments across various models of IS, as suggested by [44] .
Materials and Methods

Animals and Model Induction
All procedures and protocols were approved by the Institutional Animal Care and Use Committee of the Albert Einstein College of Medicine and were in accordance with the ethical standards and the guidelines of the American Association for Accreditation of Laboratory Animal Care, the National Institutes of Health Guide for the Care and Use of Laboratory Animals and the Animal Research: Reporting of In Vivo Experiments (ARRIVE) guidelines. Sprague Dawley male rats were used, which were the offspring of timed pregnant dams obtained from Taconic Farms (Germantown, NY, USA) and bred in litters of 10 male pups. Only male pups were used in this study. Rats were maintained in a 12 h light/12 h dark cycle schedule. The dam was fed with laboratory rodent diet 5001 (Labdiet, St Louis, MO, USA) and water was provided ad libitum. The multiple-hit rat model was induced as described in [34-36, 38, 45] . Briefly, postnatal day 3 (PN3) male rats were anesthetized with isoflurane (4.5% induction, 1.5% maintenance) (Isothesia, Henry Schein, Melville, NY, USA) in 100% oxygen and doxorubicin (5 µg/1.5 µl/rat, right intracerebroventricularly) and lipopolysaccharide (LPS, 3 µg/1.5 µl/rat, right intracortically) were infused slowly. On PN5, rats received p-chlorophenylalanine [PCPA, 200 mg/kg, intraperitoneally (i.p.)]. The multiple-hit model is referred as the DLP model. All inducing drugs were purchased from Sigma-Aldrich (St Louis, MO, USA).
Study Design and Inclusion/Exclusion Criteria
A randomized, blinded, vehicle-controlled study design was used, where scoring of spasms, developmental milestones, and histological analysis were done blinded to treatment allocation. All rats exhibiting spasms were included in the study, provided that the following preset exclusion criteria were not met: (1) pre-injection frequencies of spasms on PN4-PRE <1 spasm/hour, (2) bilateral cortical lesions, (3) maternal neglect for the litter, (4) accidental death (e.g., by injection or immediate post-operative death) or death prior to drug treatment, (5) technical problems impeding intracerebral injections (e.g. due to syringe malfunction).
Drug Administration and Video Monitoring of Rats
VX-765 Study
The caspase 1 inhibitor VX-765 (belnacasan, inh-vx765, Invivogen, San Diego CA) was tested in a single injection, dose-response study (50, 100, or 200 mg/kg i.p.), given at PN4 after spasms began, to evaluate its acute effects on spasms during the first 5 h post-injection as well as on PN5 (Fig. 1) . The vehicle (VEH) was 40% dimethylsulfoxide (DMSO) (Sigma-Aldrich, St Louis, MO, USA). The dose range was limited by the solubility of the drug in this vehicle.
Video monitoring was done twice daily on PN4 and PN5 for 2 h each (AM and PM) with exception the PN4PM session that consisted of a 1 h long pre-injection period (PN4-PRE) and a 5 h long post-injection period that started 15 min after the injection. Scoring for spasms was done during the PN4PM, PN5AM, and PN5PM sessions. The study design is given in Fig. 1 .
CGP35348 Study
The GABA B receptor antagonist CGP35348 (EMD Millipore Corporation, Billerica MA, USA) was tested in the single injection, dose-response study (12.5, 50, or 100 mg/kg i.p.: CGP-12.5, CGP-50, or CGP-100) versus the aqueous vehicle (VEH), given at PN4 after spasms began, and according to the same study design as VX-765 (Fig. 2) . The doses were comparable to the effective doses in the Cortez et al. study [42] and reached maximal solubility at this vehicle.
Estradiol Study
The 1,3,5(10)-estratrien-3, 17β-diol compound (17β-estradiol, catalog number E0950-000, Steraloids, Inc, Newport RI) was tested as repeat administration of a single dose [40 ng/g, subcutaneously (SC)] versus vehicle (sesame oil, Acros Organics, Fisher Scientific, Pittsburgh PA, USA) given between PN3-10, according to the early treatment protocol described in [43] (Fig. 3) . The daily injections were given in the afternoon, either after the induction surgery on PN3 or just prior to the PM monitoring session. One dose was only selected as the goal was to replicate the experimental design of the Olivetti et al. study [43] .
Video monitoring (2 h sessions) started after the first estradiol injection, post-operatively. One or two daily 2 h sessions were done as shown in Fig. 2a , with the single daily video sessions done on the induction day and during Fig. 1 Study design (a) and effects of a single injection of VX-765 on raw (b) and normalized (c) frequencies of spasms in the multiple hit rat model of IS, when given after the onset of spasms. a PN3 male rats were induced according to the multiple hit rat model and were randomized to four treatment groups, that received a single injection of VX-765 [50 (VX-765-0 group, n = 6 rats), 100 (VX-765-100 group, n = 13 rats), or 200 mg/kg i.p. (VX-765-200 group, n = 13 rats) or vehicle (VEH, n = 12 rats)] during the PN4PM monitoring session, and after the onset of spasms. The single injection of VX-765 (VX-765-100 or VX-765-200 groups) had no effect on raw (b) or normalized (c) frequencies of spasms compared to VEH. The VX-765-50 group (n = 6 rats) showed significant reduction of both raw spasm frequencies (P = 0.0223) and normalized spasm frequencies (P = 0.0146) versus VEH at only a single timepoint, the 5th hour post-injection. Spasm scoring and histological evaluation for inclusions/exclusions were done blinded to treatment allocation. 
Assessment of Milestones
Daily weights, surface righting time (SRT), open field activity (OFA), negative geotaxis (NG) were done daily in the morning of each day in both studies. Protocols are described in [34-36, 38, 45] and 60 s were set as endpoint if goal was not reached (i.e., 60 s were interpreted as failure). An additional assessment of SRT and NG was done at the end of the PN4PM session in the VX-765 study to assess for sedation and/or toxicity. Mortality was scored when rats were either found dead or met pre-set euthanasia criteria, according to our approved animal protocol.
Statistics
We used the SAS 9.3 software (SAS Institute Inc, Cary NC, USA). Normalized frequencies of spasms represent the percent of pre-injection PN4-PRE spasm frequencies. Because frequencies followed a log-normal distribution, both raw and normalized frequencies of spasms were logtransformed prior to analysis according to the Ln(1 + frequency) formula so that "0" frequencies could be represented by "0". Linear mixed models analysis was done considering repeated measures from each animal. ANOVA test was used to compare weights across the groups at each timepoint. Linear mixed models test was used to compare weight gain rates across treatments. Kruskal-Wallis test was used to analyze the reaction times in the milestones. Failure rates in the milestones were compared by Pearson Chi square test or Fisher's exact test when n in any cell was ≤5. Statistical significance was pre-set at α = 0.05.
Power Analysis
Power analyses were based on earlier experiments that we had done using either single or repeat administration experiments [35, 36, 38, 45] . The rat numbers used in the single injection experiments were estimated to be such that a minimum of approximately 12 rats would be included in each group, after the exclusions, to reach 84% power to detect 0.22 standard deviations difference in spasms frequencies, on the log scale between treatments [38] . For the repeat drug administration experiments, 1000 simulations of a mixed linear model were used considering data from five timepoints over 9 days post-injection, with the rate of spasms decreasing to 1/4 of initial spasm frequencies. Twelve rats per group provided 87% power to show a difference of 0.22 standard deviations on the log scale between groups or 11% difference in normalized rates of spasms.
Results
Effects of a Single VX-765 Injection After Spasms' Onset on Spasms in the DLP Model
PN3 male rats were induced according to the multiple hit rat model and were randomized to four treatment groups, that received a single injection of VX-765 [50 (VX-765-0 group, n = 6 rats), 100 (VX-765-100 group, n = 13 rats), or 200 mg/kg i.p. (VX-765-200 group, n = 13 rats)] or vehicle (VEH, n = 12 rats) during the PN4PM monitoring session, and after the onset of spasms. The number of rats reflect those included in the study after the pre-set exclusions. From a total of 55 male rats, 7 VX-765-50 rats, one VX-765-100 and one VX-765-200 rat were excluded due to bilateral lesions, while one VEH and one VX-765-50 rat were excluded due to lack of spasms prior to the drug injection.
The tolerability of the selected doses of VX-765 was excellent. We observed no mortality in VX-765 or VEH treated pups till PN5. Pre-treatment weights did not differ among groups (P = 0.60 on PN3 and P = 0.24 on PN4) and treatment did not affect weights on PN5AM (P = 0.55). In terms of weight gain rates, linear mixed model results (random intercept and random slope) show that the average weight gain rate was 0.41 g/day for the VEH group, 0.62 g/ day for the VX-765-50 group, 0.28 g/day for the VX-765-100 group, and 0.50 g/day for the VX-765-200 group although these weight gain rates did not significantly differ from one another [F(3,40) treatment × timepoint =1.51, P = 0.23]. In addition, no significant treatment effects were found for the SRT, OFA, and NG scores.
There was also no overall effect of VX-765 on spasm raw or normalized spasm frequencies, with only exception an observed reduction in spasm frequencies at the 5th postinjection timepoint of the VX-765-50 group compared to the VEH group. No differences were also found in the % of spasm-free rats per timepoint. The results and statistics are given SC between PN3-10 on behavioral spasms (b, c) and weights (d) in the multiple hit rat model of IS. a PN3 male rats were induced according to the multiple hit rat model and were randomized to two treatment groups, that received either repeat daily injections of either estradiol (40 ng/g per day, n = 12) given SC between PN3-10 or equal volume of vehicle (oil, n = 13). Spasm scoring was done daily from 2 h long PM sessions and histological evaluation for inclusions/exclusions were done blinded to treatment allocation. Linear mixed model analysis considering repeated values was done on logtransformed daily spasm frequencies. b 17β-Estradiol had no significant effect on spasms. c The F values for the drug effects on spasms are given in the table. Bolded italics indicate statistical significance at α < 0.05. d Weights were not affected by estradiol. Data are represented as mean ± standard deviation shown in Fig. 1 . Because of the single delayed timepoint of significance at the lowest of the 3 tested doses, further testing with video-EEG monitoring was deferred.
Effects of Single CGP35348 Injection After Spasms' Onset in the DLP Model
A total of 60 male rats were randomized in the four treatment groups. From these, one CGP-12.5 and two CGP-50 rats were excluded because of bilateral lesions; three CGP-12.5, three CGP-50, and one VEH rat were excluded because of lack of spasms prior to injection.
The tolerability of CGP35348 was excellent. We saw no mortality till the end of PN5 (terminal timepoint). Weights were similar prior to treatment (P = 0.95 on PN3 and P = 0.77 on PN4) and following treatment (P = 0.56). Weight gain rates were similar across groups (F(3,46) treatment × timepoint =1.1, P = 0.36, linear mixed model, random intercept and slope): VEH = 0.46 g/day, CGP-12.5 = 0.34 g/day, CGP-50 = 0.29 g/day, CGP-100 = 0.52 g/day). We saw no group differences in failure rates or reaction scores for SRT, OFA, or NG.
There was no overall effect of CGP-348 on the raw or normalized frequencies of spasms. Results and statistics are shown in Fig. 2 . The percent of spasm-free rats per timepoint did not differ among groups (Fisher's exact test). These findings show that although a single injection of CGP35348 is well tolerated, CGP35348 has no effect on DLP spasms when given after spasms onset.
Effects of Repeated Estradiol Administration in the DLP Model
A total of 55 male rats were randomized into an estradioltreated (n = 12) and oil-treated (n = 13) group. All rats were included in the study. 17β-Estradiol was well tolerated and no significant difference in mortality was observed till PN13: 3/12 estradiol-treated and 2/13 oil-treated rats died prior to terminal endpoint. There was no significant difference in SRT, NG, or OFA failure rates between the two groups. Repetitive 17β-estradiol treatment had no effect on spasm frequencies in the DLP model. The results and statistics are shown in Fig. 3 .
Discussion
All drugs tested in this study (VX-765, CGP35348, 17β-estradiol) were well tolerated but had no consistent efficacy on behavioral spasms, even if used at doses that had shown efficacy in other models. As a result, further testing using video-EEG was not done.
There are multiple reasons to suspect neuroinflammatory cascades in the pathogenesis of IS both from the clinical literature but also from the DLP model, in which LPS is a key inducing pro-inflammatory trigger (reviewed in [8, 46] ). In preliminary studies, we also observed a significant upregulation of inflammatory markers, such as IL-1β, in the acute phase of spasms, which prompted the selection of VX-765 (Galanopoulou, unpublished data). We observed only a single timepoint of spasm reduction with the lower dose of VX-765 which was not replicated by the higher doses. This may represent a random effect since this group had more excluded rats than the other groups and the study was therefore not pursued further. The possibility that the doses we used are not effective is unlikely, since these compare to the VX-765 doses used in other studies in adult rodents, which typically require larger doses [39] [40] [41] . The lack of overall acute therapeutic effects of VX-765 in our model does not preclude the possibility that repetitive administration of the drug could be effective in the long run on spasms and this is something that will be explored in the future. In fact, VX-765 had delayed effects on seizures in previous studies [47] . Our data however establish a good tolerability window for these doses in the very young ages when spasms are observed.
We used CGP35348 based on the previous report that it acutely reduces extensor spasms in the GBL/Ts65Dn mouse model of IS, when given prior to GBL spasm induction [42] . GBL is a pro-drug of the GABA B receptor agonist γ-hydroxybutyrate and therefore the efficacy of CGP35348 in this model, given prior to GBL, only strengthens the authors' postulate that GABA B receptor signaling activation is involved in the generation of GBL spasms in their model. The GBL/Ts65Dn mouse model is an acute model that is sensitive to both ACTH and vigabatrin pre-treatment [42] . The lack of CGP35348 efficacy in our model may be due to the more severe underlying pathology that renders it more drug-resistant, as is also the case with ACTH . Even though vigabatrin and its analog CPP-115 have shown some efficacy in the DLP model, GABA B receptor inhibition does not seem to play a role in the acute management of DLP spasms. Cortez et al. have reported GABA B receptor overexpression in the thalamus and medulla of their Ts65Dn model which may contribute to the increased sensitivity to GABA B receptor modulation. We have not pursued these studies in the DLP model, due to the lack of effect of CGP35348. However, other possibilities for the difference in the effects is that the two models are developed in different species (rat vs mouse) and different ages (PN4 vs adult) while the genetic background of the Ts65Dn may be an additional factor determining the differing pharmacosensitivity of the spasms in that model. Finally, the two studies also differ in the timing of drug administration (post-treatment vs pretreatment), which may significantly influence the results.
Neonatal (PN3-10) 17β-estradiol has been shown to prevent spasms and epilepsy in the ARX (GCG)10+7 mouse model through its ability to rescue the observed calbindin and NPY (neuropeptide Y) interneuronopathy [43] . The interneuronopathy in the ARX (GCG)10+7 mouse model is of genetic etiology attributed to the ARX mutant protein dysfunction that reduces its nuclear localization and diminishes the migration of calbindin and NPY GABAergic interneurons in the neocortex, hippocampus, thalamus, and striatum, although it does not affect parvalbumin interneurons [48] . The DLP model also exhibits interneuronopathy contralateral to the infusions cortex, but this is probably due to the induced lesion and affects predominantly parvalbumin interneurons [49] . Unlike the study of Olivetti et al., we saw no difference in spasm frequencies in our rats, probably suggesting that the target mechanism of 17β-estradiol is not relevant in DLP male rats, due to the different etiology and probably different type of interneuronal dysfunction. Alternatively, it is possible that secondary effects of 17β-estradiol may account for the divergent results. For example, we have previously shown that overactivation of the mTOR pathway is important for the generation of DLP spasms [36] . Interestingly, 17β-estradiol has been shown to activate mTOR pathway [50] [51] [52] [53] , which may therefore counteract any other beneficial effects on DLP spasms. The relevance of mTOR pathway in the ARX (GCG)10+7 mouse model is currently unknown. A recent report in the prenatal betamethasone/postnatal NMDA acute model of spasms also did not report any effects of 17β-estradiol early treatment (PN3-10) on NMDA spasms induced on PN12, PN13, and PN15 male and female rats [54] . We did not observe any differences in the developmental milestones or weights between 17β-estradiol or oil-treated male rats till PN13, although it was previously reported that weight gain is increased in estradiol-treated mixed male and female PN15 rats in the prenatal betamethasone/postnatal NMDA model [54] . In addition, the differences in species (mouse vs rats) and neurodevelopmental effects of the altered genetic background in ARX (GCG)10+7 mouse model may contribute to the differences in efficacy.
What are the implications for the human West/IS syndrome? Characterization of the DLP model with treatments that may work in human IS (e.g., ACTH or vigabatrin) or do not treat IS (e.g., phenytoin) indicates that the DLP model is a model of drug-resistant IS due to structural lesions ( Table 1) . Validation of a model of IS for predicting human response would require validation of the preclinical results in pediatric clinical trials in a population of infants with IS. Most of the chronic models of IS have been published over the last 8 years and it is therefore too early to be able to draw conclusions on model validation. There are currently no clinical trials for IS for the other drugs that have been tested in our model, yet some promising case reports have started appearing. CPP-115, a high affinity vigabatrin analog with lower risk for retinal neurotoxicity based on animal studies [55] demonstrated better efficacy and tolerability than vigabatrin in the DLP model, and at significantly lower doses, even though complete spasm suppression was not achieved [35] . A case report of an infant with IS who was switched from vigabatrin to CPP-115 showed a similar better efficacy and tolerability profile, compared to vigabatrin, and at significantly lower doses [56] . We have also shown a therapeutic effect of rapamycin on DLP spasms [36] . Although rapamycin has not been tested in human patients with IS, Samueli et al. reported on a patient with IS and TSC who responded with 58% reduction in seizures with everolimus, an mTOR inhibitor, while the patient's EEG converted from hypsarrhythmia to multifocal spikes [57] . Unfortunately, the large clinical studies testing the effects of everolimus on seizures in patients with TSC exclude patients younger than 2 years with active IS and therefore it is premature to draw any definitive conclusions on efficacy in human IS [58] .
Overall, the experience with the extrapolation (CGP35348) or replication (neonatal estradiol) of treatments that show efficacy on other models illustrates the challenges in relying on cross-validation of therapies across the existing models of IS. Beyond the methodological differences, species, age, and genetic background differences that exist among the existing models, the significant differences in the methods of induction and underlying pathologies create significant obstacles in relying on a replication trial done in a different model to validate a treatment. Interestingly, the impressive heterogeneity of etiologies of human IS may also be a similar challenge, except that in humans "lack of replication of efficacy in other patients with IS" may, sometimes, be interpreted as "failed treatment in drug-resistant individuals". Lack of replication of a treatment in a different model might suggest that this may not be a common pathway but does not necessarily indicate lack of validity for a specific cohort of subjects (animal models or human patients) for which this target mechanism may be operative. Therefore, recognition of factors that can serve as biomarkers for the selection of the likely to benefit population becomes paramount in deciding whether a treatment should go forward. 
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